We present a homogeneous catalogue for blue straggler, red giant branch, horizontal branch and main-sequence turn-off stars in a sample of 35 clusters taken from the ACS Survey for Globular Clusters. As a result of the superior photometry and relatively large field of view offered by the ACS data, this new catalogue is a significant improvement upon the one presented in Leigh, Sills & Knigge (2007) . Using our catalogue, we study and compare the radial distributions of the different stellar populations.
INTRODUCTION
Colour-magnitude diagrams (CMDs) are one of the most important tools available to astronomers for studying stellar evolution, stellar populations and star clusters. And yet, there remain several features found in CMDs whose origins are still a mystery. Examples include horizontal branch (HB) morphology, the presence of extended horizontal branch (EHB) stars, and blue stragglers (BSs) (e.g. Sandage 1953; Zinn & Barnes 1996; Peterson et al. 2003; Dotter et al. 2010) . Previous studies have shown that the observed differences in the HBs of Milky Way globular clusters (GCs) are related to metallicity (Sandage & Wallerstein 1960) , however at least one additional parameter is required to explain the spread in their colours. Many cluster properties have been suggested as possible Second and Third Parameters, including age, central density and cluster luminosity, although no definitive candidates have been ⋆ E-mail: leighn@mcmaster.ca (NL); asills@mcmaster.ca (AS); christian@astro.soton.ac.uk (CK) identified (e.g. Rood 1973; Fusi Pecci et al. 1993 ). An explanation to account for the existence of BSs has proved equally elusive. Many BS formation mechanisms have been proposed, including stellar collisions (e.g. Leonard 1989; Sills & Bailyn 1999) and binary mass-transfer (McCrea 1964; Mathieu & Geller 2009 ). However, no clear evidence has yet emerged in favour of a dominant formation mechanism.
In short, we still do not understand how many of the physical processes operating within star clusters should affect the appearance of CMDs (e.g. Fusi Pecci et al. 1992; Buonanno et al. 1997; Ferraro et al. 1999; Beccari et al. 2006) . In general, the importance of these processes can be constrained by looking for correlations between particular features in CMDs and cluster properties that serve as proxies for different effects. For example, the central density can be used as a rough proxy for the frequency with which close dynamical encounters occur. Similarly, the cluster mass can be used as a proxy for the rate of two-body relaxation. Once the relevant effects are accounted for, CMDs can continue to provide an ideal tool to further our understanding of stellar evolution, stellar populations and star clusters.
It is now clear that an important interplay occurs in clusters between stellar dynamics and stellar evolution. For example, dynamical models have shown that star clusters expand in response to mass-loss driven by stellar evolution, particularly during their early evolutionary phases when massive stars are still present (e.g. Chernoff & Weinberg 1990; Portegies Zwart et al. 1998; . Massloss resulting from stellar evolution has also been proposed to cause horizontal branch stars to exhibit more extended radial distributions relative to red giant branch and main-sequence turn-off (MSTO) stars in globular clusters having short central relaxation times relative to the average HB lifetime (e.g. Sigurdsson & Phinney 1995; ). This can be understood as follows. Red giant branch (RGB) stars should be more mass segregated than other stellar populations since they are among the most massive stars in GCs. HB stars, on the other hand, are much less massive since RGB stars experience significant mass loss upon evolving into HB stars. Consequently, two-body relaxation should act to re-distribute HB stars to wider orbits within the cluster potential relative to RGB and MSTO stars (Spitzer & Shull 1975) , provided the average HB lifetime is shorter than the central relaxation time. Studies have shown that the radial distributions of the HB populations in some GCs could differ from those of other stellar populations. For instance, Saviane et al. (1998) presented evidence that blue HB stars could be more centrally concentrated than red HB and sub-giant branch stars in the GC NGC 1851. Conversely, Cohen et al. (1997) showed that blue HB stars could be centrally depleted relative to other stellar types in the GC NGC 6205. To date, no clear evidence has been found linking the spatial distributions of HB stars to any global cluster properties.
Peculiar trends have also been reported for the radial distributions of RGB stars. For example, a deficiency of bright red giants has been observed in the GC NGC 1851 (e.g. Iannicola et al. 2009 ). Sandquist & Martel (2007) discussed the possibility that this deficiency could be the result of strong mass loss on the RGB. Alternatively, some authors have suggested that dynamical effects could deplete red giants. For instance, giants could experience collisions more frequently than other stellar populations due to their larger cross-sections for collision (Beers & Davies 2004) .
One important example of the interplay that occurs in clusters between stellar evolution and stellar dynamics can be found in the study of blue stragglers. Found commonly in both open and globular clusters, BSs are thought to be produced by the addition of hydrogen to the cores of low-mass main-sequence (MS) stars, and therefore appear as an extension of the MSTO in cluster CMDs (Sandage 1953) . This can occur via multiple channels, most of which involve the mergers of low-mass MS stars since a significant amount of mass is typically required to reproduce the observed locations of BSs in CMDs (e.g. Sills & Bailyn 1999 Whatever the dominant BS formation mechanism(s) operating in dense star clusters, it is now thought to somehow involve multiple star systems. This was shown to be the case in even the dense cores of GCs where collisions between single stars are thought to occur frequently (Leonard 1989) . In , we showed that the numbers of BSs in the cores of a large sample of GCs correlate with the core masses. We argued that our results are consistent with what is expected if BSs are descended from binary stars. Mathieu & Geller (2009) also showed that at least 76% of the BSs in the old open cluster NGC 188 have binary companions. Although the nature of these companions remains unknown, it is clear that binaries played a role in the formation of these BSs. Dynamical interactions occur frequently enough in dense clusters that they are also expected to be at least partly responsible for the observed properties of BSs. It follows that the current properties of BS populations should reflect the dynamical histories of their host clusters. As a result, BSs could provide an indirect means of probing the physical processes that drive star cluster evolution.
In this paper, we present a homogeneous catalogue for red giant branch, main-sequence turn-off, horizontal branch and blue straggler stars in a sample of 35 Milky Way (MW) GCs taken from the Advanced Camera for Surveys (ACS) Survey for Globular Clusters . With this catalogue, we investigate two important issues related to stellar populations in GCs. First, we test the observational correlation found for BSs presented in by re-doing the study with newer and more accurate photometry. The larger spatial coverage considered in our new sample offers an important additional constraint for the origin of this correlation. Second, we perform the same statistical comparison for RGB, HB and MSTO stars in order to study their radial distributions. This will allow us to test some of the results and hypotheses introduced in , where we first presented this technique for studying stellar populations. In particular, we found evidence for a surplus of RGB stars in low-mass GC cores relative to MSTO stars. However, we concluded that the study needed to be re-done with better photometry. The ACS data are of sufficiently high quality to address this issue.
In Section 2, we present our selection criteria to determine the numbers of BS, RGB, HB and MSTO stars located in the central cluster regions. The spatial coverage of the photometry extends out to several core radii from the cluster centre for most of the clusters in our sample. For these clusters, we have obtained number counts within several circles centred on the cluster centres provided in Goldsbury et al. (2010) for various multiples of the core radius. This catalogue is presented in Section 3. In this section, we also present a comparison between the sizes of the different stellar populations and the total stellar masses contained within each circle and annulus. Finally, we discuss our results for both BSs and the other stellar populations in Section 4.
METHOD
In this section, we present our sample of CMDs and define our selection criteria for each of the different stellar populations. We also discuss the spatial coverage offered by the ACS sample, and describe how we obtain estimates for several different fractions of the total cluster mass from King models.
The Data
The data used in this study consists of a sample of 35 MW GCs taken from the ACS Survey for Globular Clusters .
1 The ACS Survey provides unpecedented deep photometry in the F606W (∼ V) and F814W (∼ I) filters that is nearly complete down to ∼ 0.2 M⊙. In other words, the CMDs extend reliably from the HB all the way down to about 7 magnitudes below the MSTO. We have confirmed that the photometry is nearly complete above at least 0.5 magnitudes below the MSTO for every cluster in our sample. This was done using the results of artificial star tests taken from Anderson et al. (2008) , and confirms that the photometric quality of the stellar population catalogue presented in this paper is very high.
2 We have also considered foreground contamination by field stars, and it is negligible.
Each cluster was centred in the ACS field, which extends out to several core radii from the cluster centre in most clusters and, in a few cases, beyond even 15 core radii. Coordinates for the cluster centres were taken from Goldsbury et al. (2010) . These authors found their centres by fitting a series of ellipses to the density distributions within the inner 2' of the cluster centre, and computing an average value. The core radii were taken from Harris (1996) .
Stellar Population Selection Criteria
In order to select the number of stars belonging to each stellar population, we define a series of lines in the (F606W-F814W)-F814W plane that act as boundaries enclosing each of the different stellar populations. To do this, we fit theoretical isochrones taken from Dotter et al. (2007) to the CMDs of every cluster in our sample. Each isochrone was generated using the metallicity and age of the cluster, and fit to its CMD using the corresponding distance modulus and extinction provided in Dotter et al. (2010) . The MSTO was then defined using our isochrone fits by selecting the bluest point along the MS. This acts as our primary point of reference for defining the boundaries in the CMD for the different stellar populations. Consequently, the selection criteria provided in this paper are a significant improvement upon the criteria presented in Leigh, Sills & Knigge (2007) , and our new catalogue for the different stellar populations is highly homogeneous.
Two additional points of reference must also be defined in order for our selection criteria to be applied consistently from cluster-to-cluster. First, the selection criteria for the HB are determined by fitting a line through the approximate mid-point of the points that populate it in the CMD. This line is then used to define upper and lower boundaries for the HB. Theoretical isochrones become highly uncertain at the HB, so it is necessary to specify this additional criterion by eye. Second, the lower boundary of the RGB is defined for each cluster as the point along its isochrone corresponding to a helium core mass of 0.08 M⊙. We do not include RGB stars brighter than the HB since the tilt of the upper RGB varies significantly from cluster-to-cluster, presenting a considerable challenge for the consistency of our selection criteria. Moreover, the distinction between RGB and asymptotic giant branch stars in the CMD is often ambiguous.
Example selection criteria for each of the different stellar populations are shown in Figure 1 . Formal definitions for the boundaries in the cluster CMD that define the BS, RGB, HB and MSTO populations are provided in Appendix A. We note that the sizes of our selection boxes have been chosen to accomodate the photometric errors, which contribute to broadening the various evolutionary sequences in the CMD. With superior photometry, the sizes of our selection boxes could therefore be reduced. This would further decrease contamination from field stars in our samples.
Spatial Coverage
The ACS field of view extends out to several core radii from the cluster centre for nearly every cluster in our sample. Consequently, we have obtained estimates for the number of stars contained within four different circles centred on the central cluster coordinates provided in Goldsbury et al. (2010) . We list these numbers only for clusters for which the indicated circle is completely sampled by the field of view. The radii of the circles were taken to be integer multiples of the core radius, and we focus our attention on the inner four core radii since the field of view extends beyond this for only a handful of the clusters in our sample. An example of this is shown in Figure 2 . The numbers we list are cumulative, so that entries for each circle include stars contained within all smaller circles.
King Models
In order to obtain accurate estimates for the total stellar mass contained within each circle, we generated single-mass King models calculated using the method of Sigurdsson & Phinney (1995) to obtain luminosity density profiles for the majority of the clusters in our sample. The profiles were obtained using the concentration parameters of McLaughlin & van den Marel (2005) and the central luminosity densities of Harris (1996) for each cluster in McLaughlin & van den Marel (2005) that overlaps with our sample. We then integrated the derived luminosity density profiles numerically in order to estimate the total stellar light contained within each circle. After removing clusters with high concentration parameters (Harris 1996) for which King models are known to provide a poor fit, we multiplied the total stellar light by a mass-to-light ratio of 2 in order to obtain estimates for the total stellar mass contained within each circle. Calculating the total stellar mass contained within each circle from King models requires a number of assumptions that we will discuss fully in Section 4.
RESULTS
In this section, we present our catalogue along with the results of our comparisons between the sizes of the different stellar populations and the total stellar mass contained within each circle and annulus.
Catalogue
The numbers of BS, RGB, HB and MSTO stars found within several different circles are shown for all clusters in Table 1, along with the total number of stars with magnitudes brighter than 0.5 mag below the MSTO. Number counts are only shown whenever the spatial coverage is complete within the indicated circle.
Population Statistics
How can we use our catalogue to learn which, if any, cluster properties affect the appearance of CMDs? One way to accomplish this is by plotting the size of a given stellar population in a particular circle versus the total stellar mass contained within it. From this, lines of best fit can be found that provide equations relating the size of each stellar population to the total stellar mass contained within each circle. As described below, this is ideal for probing the effects of the cluster dynamics on the appearance of CMDs. The rate of two-body relaxation for a cluster can be approximated using the half-mass relaxation time (Spitzer 1987) :
where r h is the half-mass radius, N is the total number of stars within r h and m is the average stellar mass. The half-mass radii of MW GCs are remarkably similar independent of mass, and simulations have shown that r h changes by a factor of at most a few over the course of a cluster's lifetime (Murray 1009; Henon 1973) . The GCs that comprise our sample show a range of masses spanning roughly 3 orders of magnitude, and have comparably old ages (De Angeli et al. 2005) . Therefore, Equation 1 suggests that the degree of dynamical evolution (due to twobody relaxation) experienced by a cluster is primarily determined by the total cluster mass for the GCs in our sample. In particular, more massive clusters are less dynamically evolved, and vice versa. Consequently, if the size of a given stellar population is affected by two-body relaxation, the effects should be the most pronounced in the least massive clusters in our sample. Additionally, the rate of (direct) stellar collisions increases with increasing cluster mass (e.g. Davies, Piotto & De Angeli 2004 ). This suggests that, if a given stellar population is affected by collisions, the effects should be the most pronounced in the most massive Figure 3 . The logarithm of the number of stars belonging to each stellar population is shown for each circle as a function of the logarithm of the total stellar mass. From left to right and top to bottom, each frame corresponds to number counts contained within a circle having a radius of rc, 2rc, 3rc and 4rc. Blue corresponds to blue stragglers, red to red giant branch stars, green to horizontal branch stars and black to main-sequence turn-off stars. Estimates for the total stellar mass contained within each circle were found using single-mass King models, as described in Section 2.4.
clusters in our sample. Therefore, by comparing the size of each stellar population to the total stellar mass contained within a given circle, the effects of the cluster dynamics can be quantified. This technique also ensures a normalized and consistent comparison since it accounts for cluster-to-cluster differences in the fractional area sampled by the ACS field of view. That is, we are consistently comparing the same structural area for each cluster. The validity and implications of all of these assumptions will be discussed further in Section 4.
Plots showing the number of stars belonging to each stellar population as a function of the total stellar mass contained within each circle are shown in Figure 3 . Uncertainties for the number of stars belonging to each stellar population were calculated using Poisson statistics. We also plot in Figure 4 the number of stars belonging to each stellar population as a function of the total stellar mass contained in each annulus outside the core. That is, we considered the populations for each annulus individually, as opposed to considering every star with a distance from the cluster centre smaller than the radius of the outer-most circles. Recall that we have neglected clusters for which our theoretical King models provide a poor description of the true density distributions. This was the case for clusters in our sample having a high concentration parameter, most of which are labelled as post-core collapse in Harris (1996) .
We performed a weighted least-squares fit for every relation in Figure 3 and Figure 4 . Slopes and y-intercepts for these lines are shown in Table 2 and Table 3 , respectively. Uncertainties for the slopes and y-intercepts were found using a bootstrap methodology in which we generated 1,000 fake data sets by randomly sampling (with replacement) number counts from the observations. We obtained lines of best fit for each fake data set, fit a Gaussian to the subsequent distribution and extracted its standard deviation.
As shown in Table 2 , the power-law index is sub-linear for BSs within the core at much better than the 3 − σ confidence level, and it is consistent with the slope obtained in our earlier analysis presented in Knigge, . The slopes for the BSs are also sub-linear at better than the 3 − σ confidence level for all circles outside the core. This is also the case for all annuli outside the core, as shown in Table 3 . Note, however, that the uncertainties for the BS slopes are very large for all annuli outside the core, whereas this is not always the case for corresponding circles outside the core. This is the result of the fact that the number of BSs drops off rapidly outside the core in several clusters so that the corresponding Poisson uncertainties, which are given by the square-root of the number of BSs, are significant. The rapid decline of BS numbers with increasing distance from the cluster centre in these clusters has also contributed to an increased degree of scatter in the relations for annuli outside the core relative to the corresponding relations for circles outside the core.
The slopes are consistent with being linear for all other stellar populations in the core within their respective 3 − σ confidence intervals. This agrees with the results of our earlier analysis presented in Leigh, Sills & Knigge (2009) when we performed the comparison using the total core masses. The slopes are also consistent with being linear for all cir-cles outside the core for both HB and MSTO stars. The power-law indices are sub-linear at the 3 − σ confidence level only for RGB stars, and this is only the case for circles outside the core. The power-law index is nearly unity for the core RGB population, yet the associated uncertainty is very large. Upon closer inspection, the distribution of powerlaw indices obtained from our bootstrap analysis for RGB stars in the core is strongly bi-modal, with comparably-sized peaks centred at ∼ 0.82 and ∼ 1.0. This bi-modality is most likely an artifact of our bootstrap analysis caused by a chance alignment of data points in the log Mcore-log NRGB plane. Upon performing the comparison for only those stars found within particular annuli, our results suggest that the slopes are consistent with being sub-linear for all stellar populations at the 3 − σ confidence level in only the annulus immediately outside the core (i.e. rc < r < 2rc). The slopes are consistent with being linear for RGB, HB and MSTO stars in all other annuli.
We also tried performing the same comparisons using the total number of stars in each circle and annulus as a proxy for the total stellar mass. In this case, the slopes are sub-linear for BSs within all circles and annuli at the 3 − σ confidence level. Once again, the uncertainties are very large for all annuli outside the core, whereas this is not the case for corresponding circles outside the core. The slopes are consistent with being linear within the 1 − σ confidence interval for all other stellar populations in all circles and annuli. Our results are therefore inconsistent with those presented in for the core RGB populations, in which we found that RGB numbers scale sub-linearly with the number of stars in the core at the 3 − σ confidence level. We will discuss the implications of these new results in Section 4.
Blue Stragglers and Single-Single Collisions
As a check of our previous results reported in , we also looked for a correlation between the observed number of BSs in the cluster core and the number predicted from single-single (1+1) collisions. The results of this comparison are shown in Figure 5 . We define the predicted number of BSs formed from 1+1 collisions as N1+1 = τBS/τ1+1, where τBS is the average BS lifetime and τ1+1 is the average time between 1+1 collisions in the cluster core. We adopt the same definition for τ1+1 as used in , and assume τBS = 1.5 Gyrs as well as an average stellar mass and radius of 0.5 M⊙ and 0.5 R⊙, respectively. We also adopt a constant mass-to-light ratio of M/L = 2 for all clusters. Central luminosity densities and velocity dispersions were taken from Harris (1996) and Webbink (1985) , respectively.
Upon performing a weighted line of best fit for every cluster in our sample that overlaps with the catalogue of Webbink (1985) , we find a power-law index of 0.15 ± 0.03 (the uncertainty was found using the bootstrap methodology described in Section 3.2). For the subset of dense clusters having a central luminosity density satisfying log ρ0 > 4, we find a power-law index of 0.36 ± 0.14. As before, we find no significant correlation with collision rate, even for the subset of dense clusters. Although we do find a weak dependence of BS numbers on collision rate for the entire sample, this is not unexpected since the collision rate and the core mass are themselves correlated, and our results suggest that there exists a strong correlation between BS numbers and the core masses.
SUMMARY & DISCUSSION
In this paper, we have presented a catalogue for BS, RGB, HB and MSTO stars in a sample of 35 GCs. Our catalogue provides number counts for each stellar population within several different circles centred on the cluster centre. The radii of the circles were taken to be integer multiples of the core radius, and we have focussed on the inner four core radii since the field of view extends beyond this for only a handful of the clusters in our sample. Particular consideration was given to our selection criteria for the different stellar populations in order to ensure that they were applied consistently from cluster-to-cluster. In particular, we have improved upon our previous selection criteria (Leigh, Sills & Knigge 2007) by fitting theoretical isochrones to the cluster CMDs. This provides an unambiguous definition for the location of the MSTO, which acts as the primary point of reference for the application of our selection criteria. As a result, our new catalogue is highly homogeneous.
We have used our catalogue to quantify the dependence of the size of each stellar population on the total stellar mass enclosed within the same radius. As described in Section 3.2, this provides a means of quantifying the effects, if any, had by the cluster dynamics in shaping the appearance of CMDs above the MSTO. Below, we summarize the implications of our results for each of the different stellar populations.
Blue Stragglers
We have confirmed our previous result that the numbers of BSs in the cores of GCs scale sub-linearly with the core masses ). That is, we find proportionately larger BS populations in low-mass GCs. There exist several possibilities that could explain the origin of this sub-linear dependence. First, we previously suggested that this could be an artifact of an anticorrelation between the binary fraction and the cluster (or core) mass ). This assertion stems from the fact that, if BSs have a binary origin, we expect their numbers to scale with the core mass as NBS ∼ f b Mcore, where f b is the binary fraction in the core. As before, we find that NBS ∼ M . Second, we suggested in that the fact that the least massive GCs in our sample should be more dynamically evolved than their more massive counterparts could be contributing to the observed sub-linearity for BSs. In particular, the low-mass clusters in our sample should have experienced a significant depletion of their very lowmass stars as a result of stellar evaporation induced by two-body relaxation (e.g. Spitzer 1987; Heggie & Hut 2003; De Marchi, Paresce & Portegies Zwart 2010) . In turn, this could contribute to a higher fraction of merger products having masses that exceed that of the MSTO in low-mass GCs. As a result, more merger products would appear brighter and bluer than the MSTO in these clusters' CMDs, leading to more merger products being identified as BSs. Finally, mass segregation could also be contributing to the observed sub-linear dependence for BSs. Again, this is the result of the fact that the rate of two-body relaxation, and therefore dynamical friction, is in general the fastest in low-mass clusters. BSs are among the most massive stars in GCs, so they should rapidly migrate into the core via dynamical friction in clusters for which the half-mass relaxation time is shorter than the average BS lifetime. It follows that proportionately more BSs could have drifted into the core via dynamical friction in low-mass GCs. This would also contribute to the observed sub-linear dependence of BS numbers on the core masses.
This last hypothesis can be tested by comparing our scaling relations for progressively larger circles outside the core. If mass segregation is indeed the cause of the observed sub-linear dependence of BS numbers on the core masses, then we might expect the power-law index to systematically increase as we consider progressively larger circles. That is, we could be including more BSs that have not yet migrated into the core via dynamical friction, particularly in the most massive clusters in our sample. However, our results suggest that the power-law index remains roughly constant for all circles. This is the case for both the comparison to the total stellar masses as well as to the total number of stars contained in each circle. The fact that these relations are comparably sub-linear within all circles can be interpreted as evidence that mass segregation is not the dominant effect contributing to the observed sub-linear dependence of BS numbers on the total stellar masses (or the total number of stars). We note that for many of the clusters in our sample, the spatial coverage is comparable to or exceeds the halfmass radius. This is a sufficiently large fraction of the total cluster area for our comparison to be sensitive to the effects of mass segregation.
On the other hand, several GCs are known to show evidence for a bi-modal BS radial distribution (e.g. Mapelli et al. 2006; Lanzoni et al. 2007) . That is, in these clusters the number of BSs is highest in the central cluster regions and decreases with increasing distance from the cluster centre until a second rise in BS numbers occurs in the cluster outskirts. This seconary outer peak has been shown to occur at a distance from the cluster centre that exceeds 20 core radii in several cases. Consequently, the spatial coverage provided by the ACS data likely does not extend sufficiently far in most clusters to detect any bi-modality in the BS radial distribution. Nonetheless, if applied to a statisticallysignificant sample for which the spatial coverage is complete out to the tidal radius, the technique we have presented in this paper could provide a powerful constraint for the origin of the bi-modal BS radial distribution observed in several MW GCs by addressing the role played by mass segregation.
We also tried to correlate the number of BSs observed in the cluster core with the number predicted from singlesingle collisions. As in , we find that BS numbers depend strongly on core mass, but not on collision rate. This also proved to be the case for the subset of dense clusters satisfying log ρ0 > 4. Our previous interpretation that our results provide strong evidence for a binary, as opposed to a collisional, origin for BSs in GCs therefore remains the same.
Red Giant Branch Stars
The technique used in this paper to compare the sizes of the different stellar populations was first presented in . In that study, we introduced our method and applied it to a sample of 56 GCs taken from Piotto et al. (2002) in order to study their RGB populations. Our results were consistent with a sub-linear dependence of RGB numbers on the core masses. In particular, we found evidence for a surplus of RGB stars relative to MSTO stars in the cores of low-mass GCs. We considered several possible causes for this result, but concluded that our analysis should ideally be repeated with superior photometry in order to properly assess effects such as completeness. Given the high-quality of the ACS data, we are now in a position to reassess our previous result for RGB stars.
Upon applying our technique to the ACS sample, we find that the numbers of RGB stars scale linearly with the core masses to within one standard deviation. This is also the case for our comparison to the total number of stars in the core. This suggests that we should reject our previous conclusions for this stellar population reported in . Specifically, if we take a strict 3 − σ limit as our criterion for whether or not the slopes are sub-linear at a statistically significant level, then the core RGB slope reported in this paper is consistent with being linear whereas this was not the case for the core RGB slope reported in . However, if we take a more stringent criterion for statistical significance, then there is no inconsistency between our new and old results for RGB stars, and both slopes are consistent with being linear.
We also tried comparing the RGB catalogue presented in this paper with the one presented in . This showed that the old RGB numbers are slightly deficient relative to the new numbers at the high-mass end. Although this difference is not sufficiently large to completely account for the difference in slopes (for the comparison with the core mass) found between our new and old RGB catalogues, it works in the right direction and is likely a contributing factor. If our uncertainties are also factored in, then our new and old slopes agree to within one standard deviation (due mainly to the large uncertainty for the new slope). The source of the disagreement between our old and new RGB catalogues is unclear, and we cannot say whether or not incompleteness (in the old data set) is the culprit. The results of our artificial star tests have at least confirmed that incompleteness is not an issue for our new catalogue, however it could certainly have contributed to the lower RGB numbers reported in . Indeed, the central cluster density tends to be higher in more massive clusters, which should negatively affect completeness. It is not clear, however, why this would have affected RGB stars more than MSTO stars in the old data set. Given all of these considerations, we feel that our new results show that this issue needs to be looked at in more detail before any firm conclusions can be drawn.
The evidence in favour of RGB numbers scaling linearly with the core masses is interesting. For one thing, it suggests that two-body relaxation does not significantly affect RGB population size relative to other stellar populations of comparable mass in even the dense central regions of GCs. This is not surprising, since two-body relaxation is a long-range effect for which the stellar radius plays a negligible role. Second, it suggests that collisions do not significantly deplete RGB stars relative to other stellar populations despite their much larger radii. This is because the collision rate increases with increasing cluster mass, so we would expect RGB stars to appear preferentially depleted in massive clusters if they are significantly affected by collisions (e.g. Beers & Davies 2004; Davies, Piotto & De Angeli 2004) . Third, it suggests that the sub-linear relation found for BSs does not contribute to a sub-linear relation for RGB stars despite the fact that BSs should eventually evolve to occupy our RGB selection box, as discussed in . This is likely the result of the relatively small sizes of the BS populations in our sample when compared to the numbers of RGB stars since the rate at which evolved BSs ascend the RGB is thought to be comparable to the RGB lifetimes of regular MSTO stars (Sills, Karakas & Lattanzio 2009 ). Alternatively, this result could, at least in part, be explained if a smaller fraction of BSs end up sufficiently bright and blue to be identified as BSs in the CMDs of massive GCs. In other words, it could be that a larger fraction of BSs are hidden along the MS in massive clusters, as discussed in Section 4.1. In this case, the contributions to RGB populations from evolved BSs could be comparable in all clusters, in which case a linear relationship between RGB numbers and the core masses would be expected. Finally, evolved BSs would be expected to have a negligible impact on RGB population size if the average BS lifetime is considerably longer than the lifetimes of RGB stars. This effect is difficult to quantify, however, given that BS lifetimes are poorly constrained in the literature (e.g. Sandquist, Bolte & Hernquist 1997; Sills et al. 2001 ).
Horizontal Branch Stars
Our results suggest that HB numbers scale linearly with the core masses. This can be interpreted as evidence that two-body relaxation does not significantly affect the radial distributions of HB stars in GCs relative to the other stellar populations above the MSTO. One reason to perhaps expect that two-body relaxation should affect the spatial distributions of HB stars stems from the fact that RGB stars are among the most massive stars in clusters, and they undergo significant mass loss upon evolving into HB stars. Consequently, the progenitors of HB stars should be heavily mass segregated. HB stars themselves, however, have relatively low-masses so that two-body relaxation and strong dynamical encounters should act to re-distribute them to wider orbits within the cluster potential. The HB lifetime is roughly constant at 10 8 years (Iben 1991) and it is comparable to or exceeds the core relaxation times for most of the lowmass clusters in our sample (Harris 1996) . Therefore, we might expect the HB populations in these clusters to exhibit more extended radial profiles relative to more massive clusters. This would contribute to a sub-linear relationship between the numbers of HB stars and the core masses. Our uncertainties are sufficiently large that this possibility cannot be entirely ruled out, however our results are consistent with a linear relationship between HB numbers and the core masses.
Additional Considerations
Recent observations have revealed the presence of multiple stellar populations in a number of MW GCs (e.g. Pancino et al. 2003) . The majority of these cases have been reported in very massive clusters. Moreover, their existence is thought to be related to the chemical properties of GCs, in particular an observed anticorrelation between their sodium and oxygen abundances. In turn, these chemical signatures have been argued to be linked to the cluster metallicity, mass and age (Carretta et al. 2010) .
We identified clusters in our sample currently known to host multiple stellar populations, but none of these were clear outliers in our plots. Consequently, the effects had on our results by multiple stellar populations remains unclear. It is certainly possible that multiple stellar populations have contributed to the uncertainties for the weighted lines of best fit performed for the relations in Figure 3 and Figure 4 . It is difficult to quantify the possible severity of this effect, however, given the limited evidence linking multiple stellar populations to cluster properties.
Although the uncertainties are sufficiently large that the slopes are consistent with being linear at the 3−σ confidence level for all stellar populations when performing the comparisons with the total stellar mass, the reported slopes are typically less than unity within the 1−σ, and often even the 2−σ, confidence interval. This does not appear to result from the fact that we have obtained our estimates for the total stellar masses by numerically integrating 3-dimensional density distributions and are comparing to number counts, which are projected quantities. To address this, we also tried obtaining the total stellar masses by numerically integrating 2-dimensional surface brightness profiles so that we are consistently comparing only projected quantities. Despite this, our results remain unchanged and the new slopes agree with the old ones to within one standard deviation for all stellar populations. Another possibility to account for this trend that is perhaps worth considering is a systematic dependence of the mass-to-light ratios of clusters on their total mass. There are two ways this could have affected our analysis. First, stellar remnants have been shown to affect the dynamical evolution of clusters, and therefore the sizes of their cores (e.g. Lee, Fahlman & Richer 1991; Trenti, Vesperini & Pasquato 2010) . It follows that, if the number of stellar remnants depends on the cluster mass, then this could contribute to an additional underlying dependence of the core radius on the cluster mass. This could perhaps arise as a result of the fact that the ratio of the rate of stellar evolution to the rate of dynamical evolution is larger in more massive clusters, since in general the rate of two-body relaxation decreases with increasing cluster mass whereas the rate of stellar evolution is independent of the cluster mass. Coupled with their deeper gravitational potential wells, this could contribute to more massive clusters retaining more stellar remnants. Second, variations in the mass-to-light ratios of clusters can also occur as a result of changes in the average stellar mass (not including stellar remnants) (Kruijssen & Mieske 2009) . That is, we can approximate the total stellar mass contained in the core as:
where M/L is the mass-to-light ratio, ρ0 is the central luminosity density, m is the average stellar mass and Ncore is the total number of stars in the core. Based on our results,
core , where we have used the total number of stars in the core with magnitudes brighter than 0.5 mag below the MSTO as a proxy for Ncore. This could suggest that m ∝ N −0.1
core . In other words, the average stellar mass in the core decreases weakly with increasing core mass. This could in part be due to the fact that more massive clusters should be less dynamically evolved than their less massive counterparts, and should therefore be less depleted of their low-mass stars due to stellar evaporation induced by twobody relaxation (e.g. Ambartsumian 1938; Spitzer & Harm 1958; Henon 1960; De Marchi, Paresce & Portegies Zwart 2010) . Similarly, mass segregation should also tend to operate more rapidly in low-mass clusters, which acts to migrate preferentially massive stars into the core (Spitzer 1969; Spitzer & Hart 1971; Farouki & Salpeter 1982; Shara et al. 1995; King, Sosin & Cool 1995; Meylan & Heggie 1997) . Alternatively, differences in the stellar mass function in the core could result from variations in the degree of primordial mass segregation, or even variations in the initial stellar mass function.
We have assumed throughout our analysis that the core mass is a suitable proxy for the total cluster mass. We have checked that these two quantities are indeed correlated, however this does not tell the whole story since we are also using the total cluster mass as a proxy for the degree of dynamical evolution. The central concentration parameter, defined as the logarithm of the ratio of the tidal to core radii, describes the degree to which a cluster is centrally concentrated. Previous studies have shown that there exists a weak correlation between the concentration parameter and the total cluster mass (e.g. Djorgovski & Meylan 1994; McLaughlin 2000) . In order to better use our technique to reliably probe the effects of the cluster dynamics on the sizes and radial distributions of the different stellar populations, the concentration parameter should ideally be accounted for when applying our normalization technique in future studies. It is not yet clear how the concentration parameter can be properly absorbed into the normalization, however its effect on our analysis should be small given the weak dependence on cluster mass.
The assumption that the degree of dynamical evolution experienced by a given cluster depends only on its mass is also incorrect. Two-body relaxation has been shown to dominate cluster evolution for a significant fraction of the lives of old MW GCs (e.g. Gieles, Heggie & Zhao 2011) , however other effects can also play a significant role. For example, stellar evolution is known to affect the dynamical evolution of star clusters, although its primary role is played during their early evolutionary phases (e.g. Applegate 1986; Chernoff & Weinberg 1990; Fukushige & Heggie 1995) . Tidal effects from the Galaxy have also been shown to play an important role in deciding the dynamical fates of clusters by increasing the rate of mass loss across the tidal boundary (e.g. Heggie & Hut 2003) . Consequently, clusters with small perigalacticon distances should appear more dynamically evolved than their total mass alone would suggest. This effect can be significant, and has likely contributed to increasing the uncertainties found for the comparisons to the total stellar mass. Therefore, tidal effects from the Galaxy should also ideally be absorbed into our normalization technique in future studies. This can be done by using the perigalacticon distances of clusters as a rough proxy for the degree to which tides from the Galaxy should have affected their internal dynamical evolution (Gieles, Heggie & Zhao 2011) .
Interestingly, tides could also help to explain why the uncertainties for the comparisons to the total number of stars in each circle are considerably smaller than for the comparisons to the total stellar mass. We have used the number of stars with magnitudes brighter than 0.5 mag below the MSTO as a proxy for the total number of stars. Consequently, we are comparing stars within a very narrow mass range, so that all populations of interest should have been comparably affected by two-body relaxation (except, perhaps, for HB stars) independent of tidal effects from the Galaxy. In other words, tides should affect all stars above the MSTO more or less equally, and this is consistent with our results. It is also worth mentioning here that our King models consider only a single stellar mass. This assumption is not strictly true and could also be contributing to increasing the uncertainties found for the comparisons to the total stellar masses.
An additional concern is that we do not know if the clusters in our sample are currently in a phase of core contraction or expansion. This has a direct bearing on the recent history of the stellar density in the core, and therefore the degree to which stars in the core should have been affected by close dynamical interactions. These effects are independent of two-body relaxation and occur on a time-scale that is typically much shorter than the half-mass relaxation time (Heggie & Hut 2003) . The effects could be significant in clusters that were recently in a phase of core-collapse but have since rebounded back out of this highly concentrated state. This could occur, for example, as a result of binary formation induced by 3-body interactions combined with their subsequent hardening via additional encounters (Hut & Bahcall 1983; Heggie & Hut 2003) . In general, binaries play an important role in the dynamical evolution of clusters, and could have affected our results in a number of ways. This is a difficult issue to address even qualitatively given how little is currently known about the binary populations in globular clusters. Theoretical models suggest, however, that the time-scale for core contraction is often longer than a Hubble time, and that this evolutionary phase will only come to an end once the central density becomes sufficiently high for hardening encounters involving binaries to halt the process (Fregeau, Ivanova & Rasio 2009) . It follows that the cores of most MW GCs are expected to currently be in a phase of core contraction. This process is ultimately driven by two-body relaxation, so that our assumption that the total cluster mass provides a suitable proxy for the degree of dynamical evolution is still valid.
In summary, our results suggest that effects related to the cluster dynamics do not significantly affect the relative sizes of the different stellar populations above the MSTO. This is the case for at least RGB, HB and MSTO stars. BSs, on the other hand, show evidence for a sub-linear dependence of population size on the total stellar mass contained within the same radius. Whether or not the cluster dynamics is responsible for this sub-linearity is still not clear. Notwithstanding, our results have provided evidence that mass segregation is not the dominant cause for this result, although it will be necessary to redo the comparison performed in this study with a larger spatial coverage in order to fully address this question. Further insight into the origin of the sub-linearity found for BSs will be provided by reliable binary fractions for the clusters in our sample, which are forthcoming (Sarajedini 2010, private communication) . In this section, we present our selection criteria for BS, RGB, HB and MSTO stars. Our method is similar to that described in Leigh, Sills & Knigge (2007) , and we have used this as a basis for the selection criteria presented in this paper. First, we define a location for the MSTO in the (F606W-F814W)-F814W plane using our isochrone fits. The MSTO is chosen to be the bluest point along the MS of each isochrone, which we denote by ((V-I)MST O,IM ST O ). In order to distinguish BSs from MSTO stars, we impose the conditions:
where the slope of this line is m1 = −9 and its y-intercept is given by: Similarly, we distinguish BSs from HB stars by defining the following additional boundaries: and bHB = IHB + 1.2, where IHB roughly corresponds to the mid-point of points that populate the HB and is chosen by eye for each cluster so that our selection criteria best fits the HB in all of the CMDs in our sample. We apply a similar set of conditions to the RGB in order to select stars belonging to this stellar population. These boundary conditions are:
where mRGB = −23, IRGB is defined as the F814W magnitude corresponding to a core helium mass of 0.08 M⊙ and: 
We define (V − I)HB on a cluster-by-cluster basis in order to ensure that we do not over-or under-count the number of HB stars. This is because the precise value of (F606W-F814W) at which the HB becomes the RGB varies from cluster-to-cluster. In addition, the precise location of the transition in the cluster CMD between HB and EHB stars remains poorly understood. To avoid this ambiguity, we consider HB and EHB stars together throughout our analysis, and collectively refer to all core helium-burning stars as HB stars throughout this paper. Finally, MSTO stars are selected according to the following criteria:
